We determine properties of single and multilambda hypernuclei in the Skyrme-Hartree-Fock formalism, which is supplemented by a microscopic in-medium lambda-nucleon interaction derived from self-consistent Brueckner-Hartree-Fock calculations with the Nijmegen soft-core hyperon-nucleon potential. Existing data for single-lambda hypernuclei are well reproduced, apart from a slight underbinding of heavy nuclei. In multilambda hypernuclei, we study in particular the effects of the modification of the nuclear core due to the presence of the hyperons.
I. INTRODUCTION
The experimental study of hypernuclei ͓1͔ is one of the few possibilities to constrain theoretical models of the bare hyperon-nucleon and hyperon-hyperon forces. Quantitative information on these forces is very important in particular for astrophysical applications ͓2͔.
However, it is then necessary to establish a link between the bare hyperon-nucleon force determined from scattering data and the effective in-medium force that is active in a nucleus. While many theoretical studies of hypernuclei have been performed that are based on phenomenological models ͑relativistic mean field ͓3,4͔, Skyrme-type ͓5͔, Woods-Saxon ͓6͔͒ of the effective hyperon-nucleon interaction, we will test in this paper the capability of an entirely microscopical lambda hyperon-nucleon force, derived from BruecknerHartree-Fock ͑BHF͒ calculations of nuclear matter ͓7,8͔ with the Nijmegen soft-core hyperon-nucleon potential ͓9͔ ͑and the Paris nucleon-nucleon interaction͒, including explicitly the coupling of the lambda-nucleon to the sigma-nucleon states. It involves no adjustable parameters. There have been previous works ͓10,11͔ on the properties of ⌳-hypernuclei using a ⌳-nucleon G-matrix that incorporates the short-range correlations. Also recently a Fermi hypernetted chain calculation was performed ͓12͔. Our approach is somewhat more general, as we account for the effect of the hyperons on the nucleonic system, both in the description of the nucleus and, as we explain below, in the building of the effective ⌳-nucleon interaction itself. This effect is not large in an ordinary hypernucleus with one hyperon. However, it is expected to be enhanced in many-lambda hypernuclei, of which we give an illustrative study.
The description of hypernuclei will be performed within the Skyrme-Hartree-Fock ͑SHF͒ formalism ͓13͔, where the microscopically derived effective ⌳-nucleon interaction will be implemented. The nucleonic aspects of a hypernucleus being not the main focus of this paper, we will employ a phenomenological Skyrme force for the nucleon-nucleon interaction.
To ease the reading of this paper, let us mention readily some restrictions of our approach. First, in our BHF calculations we neglect hyperon-hyperon interactions, because presently there is no information on scattering phase shifts, and consequently no reliable potentials are available. While this is not a problem for single-⌳ hypernuclei, the predictions for multilambda hypernuclei can only be qualitative, until good hyperon-hyperon interactions become available. Second, the effective lambda-nucleon force that we use here, is derived from BHF calculations of isospin symmetric nuclear matter and we consequently only consider nuclei that are nearly symmetric. A study of the isospin effects is deferred to future work. Third, our BHF calculations neglect three-baryon forces. From purely nucleonic calculations ͓14͔, it is known that up to normal nuclear matter density the contribution of such forces to the single-particle potentials is quite small ͑of the order of 1 MeV͒. Effects of similar size are expected for the ⌳ single-particle potential due to Y NN forces within a Brueckner approach, although different interactions arise from the virtual excitation of the lambda particle. Finally, as we explain below, our formalism does not allow to recuperate effective spin-orbit forces from the BHF results. However, experimentally, these forces appear small enough to be neglected at the present level of investigation ͓15͔.
The paper is divided as follows. In Sec. II, we present the formalism for deriving an effective interaction from microscopical BHF calculations. In Sec. III, we present results for observed hypernuclei with one or two lambda particles. We show that our approach provides results almost as good as phenomenological approaches. We also pay attention to the distortion of the nucleonic core by the hyperons and present results for multi-⌳ hypernuclei, for which these polarization effects are enhanced. Finally, a discussion of the results and our conclusions are contained in Sec. IV.
II. FORMALISM
Our model is based on the SHF model of nuclei developed and described in great detail in Ref. ͓13͔ . We extend this method to the description of hypernuclei by adding to the energy density functional a contribution due to the action of hyperon-nucleon forces. More precisely, the total energy of a nucleus in the extended SHF formalism is written as
with the energy density functional
and the local densities
where i denotes the occupied states, and N q is the number of particles of kind qϭn, p,⌳. We use the standard Skyrme functional for the purely nucleonic energy density, i.e., the term which would survive in the absence of hyperons,
with N ϭ n ϩ p , etc. In the following we choose the parameters of the force SIII of Ref.
͓13͔.
We propose to construct the part of the energy density functional due to the presence of hyperons, ⑀ ⌳ , as
by requiring that it yields the additional binding energy per baryon, B/A, and the adequate ⌳ effective mass, m ⌳ * , in uniform hypermatter, as generated by our previous BHF calculations, described in Ref.
͓8͔. This means that, for uniform matter, the following relation must hold:
͑6͒
In the absence of a lambda-lambda interaction one has
where the last quantity is the binding energy per baryon of the ideal hyperon gas. One can thus write ⑀ N⌳ as
The BHF binding energy per baryon of uniform hypermatter was determined in Ref.
͓8͔. These calculations yield as functions of nucleonic and hyperonic partial densities N and ⌳ , 1 the BHF single-particle potentials U N (k), U ⌳ (k) of nucleons and hyperons, as well as the binding energy per baryon, B/A, that can in the absence of a lambda-lambda interaction be written as
The required energy density functional is therefore
͑10͒
Here U N (N) (k) is the part of the nucleon single-particle potential due to nucleons in the medium, see Ref. ͓8͔. It depends only weakly ͑indirectly via the intermediate states of the Bethe-Goldstone equation͒ on the lambda density, so that the first term on the right-hand side ͑RHS͒ of the previous equation is the dominant one. In our model, the lambda singleparticle potential U ⌳ (k) determining that contribution is solely due to the interaction with the nucleons. A global ⌳ effective mass can be defined by
such that
which actually approximates fairly well the true shape of the single-particle potential. Due to the fact that our BHF calculations neglect the hyperon-hyperon forces, the depth of the lambda single-particle potential as well as the lambda effective mass depend to a good approximation only on the nucleon partial density:
(N) appearing in Eqs. ͑9͒ and ͑10͒ does not depend on ⌳ in this approximation. Using Eqs. ͑10͒ and ͑12͒ one obtains in this case for the energy density due to hyperon-nucleon forces:
In the description of hypernuclei, we want to keep the motion of the hyperon as corresponding to an effective mass different from the bare mass, i.e., to the correct hyperon current. Therefore we rewrite Eq. ͑5͒ for ⑀ ⌳ as
The ⌬⑀ term arises from the substitution of m ⌳ by m ⌳ * and should be such that the energy density recovers its BHF value for uniform matter. This requires that, in uniform matter,
Using the relation between ⌳ and ⌳ as in Eq. ͑7͒, we finally get
with m ⌳ * being the lambda effective mass as determined in the BHF calculation. Minimizing the total energy, one arrives with Eq. ͑16͒ at the SHF Schrödinger equation
with the single-particle energies Ϫe q i and the SHF mean fields
where V N SHF is the nucleonic Skyrme mean field without hyperons, as detailed in Ref. ͓13͔ . The nucleon mean field thus acquires a correction in the presence of hyperons, causing a rearrangement of the nucleonic structure of the hypernucleus. Note that in the case of an exact validity of Eq. ͑13͒, the SHF lambda mean field would correspond to the depth of the BHF single-particle potential: V ⌳ ϭU ⌳ 0 . However, this relation is not exactly fulfilled, due to the various approximations that were made in order to arrive at Eq. ͑13͒.
There is no lambda spin-orbit mean field and the nucleon effective mass and spin-orbit mean field are not modified in our model. An approximate center of mass correction is applied as usual ͓13͔ by replacing the bare masses:
FIG. 1. Lambda effective mass ͑top panel͒ and well depth ͑bot-tom panel͒ as functions of nucleon density in pure nucleonic matter ( ⌳ ϭ0).
where M ϭ(NϩZ)m N ϩ⌳m ⌳ is the total mass of the nucleus.
In practice we use the following parametrizations of our numerical BHF results ͓8͔ for lambda effective mass and energy density ( N , ⌳ given in fm Ϫ3 , ⑀ N⌳ in MeV fm Ϫ3 ):
where the functional form of the parametrization Eq. ͑21͒ is suggested by Eq. ͑13͒. These quantities are displayed in Figs. 1 ͑top panel͒ and 2, respectively. At normal nuclear density, N ϭ 0 ϭ0.17 fm Ϫ1 , we obtain in particular m ⌳ */m ⌳ Ϸ0.82. Figure 1 shows also, for comparison with other approaches, the lambda mean field V ⌳ , Eq. ͑18b͒, that appears in the Schrödinger equation, as well as the depth of the BHF single-particle potential U ⌳ 0 ϭU ⌳ (kϭ0), Eq. ͑12͒, as functions of nucleon density in pure nucleonic matter. As explained before, these two quantities are not identical. For ⌳ ϭ0 one can derive the relation
where the second, ''rearrangement,'' part on the RHS becomes more and more important with increasing nucleon density. Its value is about ϩ2 MeV at saturation density and it increases nearly linearly with nucleon density. This can be observed in the lower panel of Fig. 1 . The value of the relevant mean field V ⌳ at saturation density is V ⌳ ( N ϭ 0 , ⌳ ϭ0)ϷϪ28 MeV, and the maximum of binding is reached at a slightly higher density N Ϸ0.20 fm Ϫ3 , comparable with, perhaps slightly less attractive than, typical phenomenological potentials of Refs. ͓6,12͔. The high-density behavior cannot be directly constrained by hypernucleus data, however.
III. RESULTS

A. Single and double-lambda hypernuclei
As a first benchmark test of our method we performed calculations of single-lambda hypernuclei, where experimental information on single-particle levels is available.
We begin in Fig. 3 with a plot of the resulting SHF lambda mean field V ⌳ (r), Eq. ͑18b͒, for the hypernuclei Pb. It is instructive to compare with the phenomenological lambda mean field that was derived in Ref. ͓6͔ . For the Pb nucleus, our theoretical potential extends slightly further than the phenomenological potential of that reference. However, ours has to be used in a wave equation with an effective mass. Making the usual coordinate transformation to eliminate the effective mass ͓16͔ would reduce the range of the resulting potential by a factor of the order of ͱm ⌳ */m ⌳ , i.e., by about 10%. Our potential, so transformed, is similar to the one of Ref. ͓6͔, but a little bit less attractive, by about 1-2 MeV. In Skyrme-like approaches, the effective mass mocks up some finite range effects ͓13͔. Other finite range effects can come from the folding of the G matrix with the nuclear density matrix, a step beyond the local density approximation. This may have important consequences ͓12͔, although it is not clear whether the two effects are com- The small lack of binding becomes visible in the comparison with experimental data: Table I and Fig. 4 show the lambda single-particle energies e ⌳ i , iϭ1s,1p,1d,1 f , for several hypernuclei. We observe a reasonable agreement with experimental results ͓17,18͔, the theoretical predictions being, however, systematically slightly too small for heavy nuclei. A similar underbinding was also observed in the SHF approach of Ref. ͓11͔ with different hyperon-nucleon potentials. It may be partly related to the increasing isospin asymmetry of the heavier nuclei, that is not yet accounted for in the present model. The Nijmegen soft-core potential predicts more binding of the lambda in neutron-rich matter ͓2͔. However, this will probably not be sufficient to compensate the observed lack of binding, which is therefore due to shortcomings of either the bare hyperon-nucleon potentials or the theoretical modeling of the hypernucleus ͑involving BHF and SHF stages of calculation͒. A first step to proceed will be the application of our model with other hyperon-nucleon potentials in a future work.
Our approach enables us to determine the rearrangement energy ͑for the 1s state͒
that quantifies the contribution to the total energy coming from the change of binding of the nucleonic core caused by the presence of the ⌳. We find generally E R Ͼ0, i.e., the hypernucleus is less bound than indicated by the lambda single-particle energy. This means that the binding of the nucleonic component of the nucleus is reduced by the presence of the lambda. This change of binding has two distinct origins: One is the change of the nucleonic wave functions ͑core distortion͒ through the additional, ⌳ -dependent, term in Eq. ͑18a͒. This must increase the binding of the system ͓5,11,19͔. However, as already stated in Ref. ͓5͔ , we find that the dominant effect is coming from the different center of mass corrections, Eq. ͑19͒, that are applied to the nucleus with or without lambda. The rearrangement energy solely due to this procedure is positive and given by
where E kin is the total kinetic energy of the nucleons in the nucleus. This value is listed for comparison in Table I . One sees that the effect can reach a magnitude of more than 1 MeV for very light nuclei, although the SHF approach is probably less reliable under these conditions. Inaccuracies due to the approximate treatment of c.m. corrections are consequently of the same order ͓5͔. Nevertheless it demonstrates the importance of properly taking into account the backaction of the lambda on the nucleonic core. To be a bit more explicit, core distortion mainly originates from the second term on the RHS of Eq. ͑18a͒, the third one vanishing exactly in uniform matter. With the help of Eqs. ͑13͒ and ͑18a͒, one has in the limit of small lambda density: Thus the crucial quantity, in this respect, is the derivative of U ⌳ 0 with nucleon density. This point was already emphasized in Ref.
͓19͔.
Finally we list in the same Table I the ratios of hyperonic and nucleonic radii for the single-lambda hypernuclei: this quantity smoothly decreases with increasing mass number, mainly reflecting the fact that the lambda is lying more and more deeply in its potential well.
As another, simultaneous, test of hyperonic and nucleonic single-particle levels, we compare in Table II the experimental results for lambda-particle-neutron-hole excitation energies with the theoretical ones ͑taken as the differences of the single-particle energies͒ in ⌳ 12 C, ⌳
16
O, and ⌳
40
Ca. For the nuclei considered, the agreement is reasonably good. This is in keeping with the remark already expressed that the lambda spin-orbit mean field is rather weak, presumably introducing shifts of not more than about 1 MeV.
The issue of core polarization is also important for the theoretical treatment of double-lambda hypernuclei ͓20͔. The so far experimentally observed species ( ⌳⌳ 6 He, ⌳⌳ 10 Be, and probably ⌳⌳ 13 B) ͓21͔ are very light and the quantity of principal interest arises from a cancellation of large numbers. It is the bond energy of the lambda-lambda pair,
that is usually identified with the additional binding of the lambda-lambda pair, compared to twice the binding of a single lambda particle ͓22͔. However, even without direct lambda-lambda interaction, the bond energy can be nonzero, and our model, since it does not contain a lambda-lambda interaction, allows to estimate the importance of this effect. Our results are presented in Table III . We find a small negative bond energy, meaning that the binding of the nucleus increases weaker than linearly when adding lambdas. The center-of-mass corrections are nearly canceling in this case, ⌬B ⌳⌳ c.m.
Ϸ(2/A
3 )(m ⌳ /m N ) 2 E kin , and only for very light nuclei provide a significant, positive, contribution, whereas the total result is mainly due to the repulsive part of the energy density functional ⑀ N⌳ : The second, repulsive, term on the RHS of Eqs. ͑13͒ or ͑21͒ depends stronger than linearly on the lambda density (ϳ ⌳ 5/3 ), and yields therefore more than twice the repulsion when going from the singlelambda to the double-lambda hypernucleus, leading to a negative value for the bond energy. The physical origin of this repulsive term is the momentum dependence of the BHF lambda single-particle potential, see Eq. ͑12͒, which produces the same effect as a small repulsive lambda-lambda force.
This effect is evidently independent of the modification of the ͑nucleonic and hyperonic͒ wave functions ͑rearrange-ment of the nuclear core͒, but in fact it is accompanied by a slight contraction of the nucleonic rms core radius R N , that is also listed in Table III . One can see that the nucleonic core is very resistant to perturbation, although the core contraction is probably underestimated by our model, since the Skyrme force SIII yields a too large nuclear incompressibility ͑355 MeV͒. For single-lambda hypernuclei, the change of the nucleonic radius ͑not shown͒ is about half the value indicated for double-lambda hypernuclei. Concerning the bond energy itself, if the experimental values of about ϩ5 MeV are confirmed, a rather attractive lambda-lambda force will be implied. Note, however, that since those double-lambda hypernuclei presumably show an ␣ structure, a cluster approach is certainly needed to extract reliable information, as underlined in Refs. ͓22,23͔.
B. Multilambda hypernuclei
Although our model does not comprise hyperon-hyperon interactions, we will apply it in the following to the description of multilambda hypernuclei. Our goal is primarily to study the rearrangement of the nuclear core under the influence of many lambdas and, secondly, to establish lower bounds on certain quantities like the lambda drip line. Our investigation may appear as academic. However, multilambda hyperfragments are presumably produced already in high energy collisions and may perhaps be detected soon ͓24͔. Furthermore, if the ⌳-⌳ interaction is attractive, as alluded above, our calculation may provide upper bounds for certain quantities. Of course, the lifetimes of these systems are presumably quite short and the investigation of this topic is outside the scope of this paper. In the lower part of Fig. 5 , we present the lambda drip line, i.e., the maximum number of ⌳'s that can be bound to a nucleus, corresponding to a vanishing ⌳ chemical potential. This number is surprisingly large, but in agreement with the maximum hyperon content in uniform matter, as calculated in Refs. ͓7,8͔, i.e., about 1/3 of the number of nucleons. It is however smaller than in some relativistic mean field calculations ͓3,4͔, because usually in those works an attractive lambda-lambda interaction is assumed. We also disregard the possibility of populating the hypernucleus with cascade hyperons via the ⌳⌳→N⌶ reaction ͓4͔, because it depends primarily on the binding of the ⌶ in nuclear matter, which is not known at the moment.
The drip line in Fig. 5 increases by steps because, when an additional lambda single-particle level becomes bound with increasing number of nucleons, it can readily be filled with ⌳ particles without very much disturbing the effective force generated by the nucleons, and the maximum number can therefore only further increase by the binding of another level. This so occurs because of our neglect of hyperonhyperon interactions. In a more realistic calculation including ⌳-⌳ interaction, the maximum number of lambdas would supposedly increase more regularly.
The upper part of Fig. 5 gives the binding energy per baryon of the nuclei along the ⌳ drip line and compares it with the same quantity for stable nuclei ͑the usual BetheVon Weizsäcker plot͒.
2 On the average, the binding energy per baryon is not changed sizably when going from the stability line to the drip line. Whenever a new ⌳ single-particle level becomes just bound, new hyperons can be added on this level and the energy per baryon is suddenly reduced ͑in magnitude͒. Thus, just before a new single-particle level is bound, the energy per baryon is larger than the same quantity for the nucleon core.
The matter distribution is displayed in Fig. 6 for some of these hypernuclei, as well as the corresponding rms radii, in Fig. 7 . One observes that the ⌳ rms radius is increasing steadily with the number of hyperons, whereas the neutron and proton rms radii remain basically constant. In fact, although it is hardly visible in Fig. 7 , they decrease slightly for small numbers of hyperons, consistently with the results for single and double-⌳ hypernuclei ͑see above͒. This result, also obtained in previous studies ͓3,5,10͔, emphasizes the strong resistance of the nucleonic core to the perturbation brought by the added hyperons. The small irregularities in the curve of the ⌳ rms radius are due to the steplike filling of the hyperon orbitals, as we already explained. For a small number of ⌳ particles, the latter are occupying low-lying orbitals with a small spatial extension. As a result, the ⌳ rms radius is smaller than the one of the nucleonic core. For a large number of ⌳ particles, close to the drip line, the hyperons occupy all orbitals, up to barely bound ones, which have a large extension. This generates a large ⌳ rms radius, overshooting the one of the nucleonic core.
One may summarize these considerations as follows. The nucleonic core provides an attractive potential for the ⌳ particles, in which they can accumulate on the various singleparticle states without sizably disturbing the nucleonic core and each other. Let us notice, however, that the ⌳ potential V ⌳ is progressively reduced when ⌳ particles are added. At the drip line, its depth is about 20% smaller than for single-⌳ hypernuclei.
As tiny as it can be, the distortion of the nucleonic core nevertheless presents interesting features as shown by the right panel of Fig. 6 . The latter displays the change of the neutron density profile for different numbers of added ⌳ particles ͑the proton density profiles exhibit basically the same features͒. When this number is low, the neutron density in the interior of the nucleus is slightly enhanced ͑core contraction, as observed for single and double hypernuclei͒. Of course, this is accompanied by a small depression at the nuclear surface, as the total neutron number is kept constant. The interior enhancement originates from the basically attractive nature of the lambda-nucleon interaction. When the number of ⌳ particles is increasing, the repulsive part of the interaction is coming more and more into play ͑as the mean lambda-nucleon distance is diminishing͒, the nucleons are slightly repelled, and their density in the interior is depressed a little bit. This behavior is in keeping with the calculations of uniform hypermatter, which show that the saturation baryon density stays approximately constant with increasing lambda fraction ͑see Fig. 5 of Ref. ͓8͔͒, meaning that the nucleon density decreases. Outside the nuclear interior, the modification of the neutron density presents an oscillatory behavior. This is reminiscent of Friedel oscillations, although such an origin can hardly be assigned, in view of the nonuniformity of the unperturbed nucleon density in the region where these oscillations appear.
The ⌳ density profiles reflect the progressive filling of the single-particle states. For small values of the ⌳-particle number, the ⌳ density falls off more rapidly than the nucleon density, whereas the situation is reversed for ⌳-rich hypernuclei. This last situation is due to the occupation of barely bound orbits and bears some resemblance with neutron halo nuclei. Similarly, these ⌳-rich hypernuclei should show abnormally large interaction cross sections.
Finally, in Fig. 7 , we give the evolution of ͑minus͒ the binding energy per baryon of the hypernuclei, when the number of lambdas increases. In all cases, this quantity is first increasing, reaches a maximum and then decreases until the drip line is reached. The gain of energy at the maximum is of the order of 1 MeV. At the drip line, the gain in energy can be positive or negative in accordance with the results displayed in Fig. 5 . The general behavior of these curves is easy to understand. At the beginning, the ⌳ particles are added at the bottom of their potential well. As the number increases, the gain in energy per lambda decreases, as they are to be put in higher states. Furthermore, the depth of the lambda potential is reducing, as shown in Ref. ͓8͔ and the binding energy per nucleon of the nuclear core is also slightly diminishing, due to the increasing distortion of the Zr, or 208 Pb nucleonic core ͑from top to bottom in each panel͒. In the left panel, the heavy lines correspond to the neutron ͑full lines͒ and the proton ͑dotted lines͒ density profiles for the ordinary nuclei ͑no lambda particle͒. The thin lines give the lambda density profiles for hypernuclei with a number of ⌳ particles ͑indicated near the curves͒ equal, respectively, to about 1/3, 2/3, and 3/3 of the value at the drip line, as given in Fig. 5 . The right panel displays the change in the neutron density profile, compared to the ordinary nuclei, when 1/3 ͑dotted lines͒, 2/3 ͑dashed lines͒, or 3/3 ͑full lines͒ of the drip line value of ⌳ particles are added. In all plots, also the results for single-lambda hypernuclei are displayed for comparison.
core. This has to cause a reduction in binding, since the configuration of the core without hyperons corresponds to the minimized energy of the purely nucleonic Hamiltonian. The effect, although weak, is clearly visible in Fig. 7 ͑dotted curves͒.
The maximum gain in binding energy is substantially larger than in uniform matter ͑see Ref. ͓7͔͒. This is mainly due to the reduction of the nucleon binding energy ͑per nucleon͒ in finite nuclei, compared to nuclear matter. On the other hand, the ⌳ potential has basically the same depth in finite nuclei and in uniform matter. Therefore, in hypernuclei with a moderate number of ⌳ particles, the hyperons provide an additional binding energy per particle larger than in infinite matter.
IV. CONCLUSIONS
In this paper, the SHF model was extended to the description of hypernuclei by supplementing its energy density functional with a contribution due to hyperon-nucleon forces, derived from self-consistent BHF calculations of hypernuclear matter with the Nijmegen soft-core potential. The lambda-lambda interaction was disregarded.
We have shown that our model is able, without any adjustable parameter, to give reliable results for single-lambda hypernuclei. These results are slightly less satisfactory than those obtained with phenomenological relativistic or nonrelativistic potentials, which are fitted, at least partially, to the hypernuclei data. The remaining discrepancies ͑underbinding for heavy nuclei͒ between theoretical and experimental results are possibly due to the quality of the bare forces, but perhaps also due to the theoretical modeling of hypernuclear matter ͑lowest order BHF without three-baryon forces, neglecting the isospin asymmetry͒ and hypernuclei. ͑The SHF approach neglects effects due to the finite range of the interactions and might not be adequate for light nuclei.͒ A first step towards clarifying these questions will be a comparison of results using other nucleon-hyperon potentials ͑in particular the new Nijmegen potentials ͓25͔ that also comprise hyperon-hyperon interactions͒ within the present approach. Further experimental efforts in the determination of scattering phase shifts and spectra of hypernuclei are however needed before a precise and complete determination of hyperon-nucleon ͑and in particular hyperon-hyperon͒ bare forces is feasible.
We want to comment on the consequences of neglecting three-body forces. Three-nucleon forces are expected to have very little effects on the ⌳ single-particle potential. More important effects can arise from ⌳NN interactions coming from the intermediate hyperon excitation to a ⌺ state, as underlined in Ref. ͓12͔ . In this reference a distinction is made between dispersive forces and two-pion forces ͑see Fig. 2 of the reference͒. Since the Nijmegen interaction that we used explicitly introduces the coupling between the ⌳N and the ⌺N channels and since nucleons are dressed in Brueckner G-matrix calculations, the dispersive force effects are included in our lowest-order Brueckner calculations. The two-pion ⌳NN forces are not included however. According to Ref. ͓12͔, their effects depend sensitively upon the ⌳N correlations, but are basically attractive. On the other hand, our calculations neglect finite-range effects by adopting a local density approximation ͓Eq. ͑18͔͒. In Ref. ͓12͔, it is shown that these finite-range effects might give a strong repulsion, of the order of 2 MeV, in the single-particle binding energies in heavy nuclei. Our satisfactory results might then come from the compensation between these two neglected effects. This question would certainly deserve further detailed investigations.
We have also performed an exploratory study of multilambda hypernuclei. We found that the lambda drip line corresponds to a maximum ⌳ content of about one third. If the hyperon-hyperon interaction, that we neglected, is attractive, this number can be considered as a lower limit. We also investigated the influence of the lambda particles on the nucleonic core, paying particular attention to the nonlinearities ͑in the densities͒ of the interaction. We found, as in previous mean field studies, that the nucleonic core is very resistant to the perturbation caused by the hyperons, even for a large number of hyperons. This result seems thus well established and is not expected to change drastically by the introduction of a lambda-lambda interaction.
